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Researchers at the US Jet Propulsion Laboratory (JPL) have developed an extremely stable 
optoelectronic system that can produce both microwaves and optical signals with a GHz intensity 
modulation. 
T 
he oscillator has many poten- 
tial applications in communi- 
cations - including signal 
regeneration, synchronization and 
distribution - and is particularly use- 
ful because it can use either electrical 
or optical inputs. JPL researchers have 
already investigated the way the circuit 
works as a signal generator, and have 
done experiments o show that it can 
be used for clock and carrier ecovery 
it, 21. 
A schematic of the basic system is 
shown in Fig. 1. Light from a pump la- 
ser, in this case a d iode-pumped 
Nd:YAG at 1320 nm, is d i rected 
through an electrically controlled in- 
tensity modulator. As it emerges, the 
beam is split into two parts: one for 
optical output,  which can be used 
either as a signal in its own right or as 
a monitor for the modulator state, and 
the other for oscillator feedback. 
The feedback beam is coupled into 
a long optical fibre (of the order of 
kilometres) which serves as a delay, 
and then detected. After its travels 
through the modulator, the light has 
picked up harmonics, so the electrical 
signal generated by the photodetector 
is filtered. 
This cleaned-up signal is then used 
to control the electro-optic modula- 
tor, and so the light passing through 
it. If no external input (electrical or op- 
tical injection) is used, then any noise 
in the system will act as an oscillation 
trigger, and the system will eventually 
operate in its "free-running" mode. 
This mode has been used to produce 
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Figure 1. The optoelectronic oscillator is basically an optical feedback loop. The RF filter removes 
any harmonic frequency components introduced by the nonlinearity of the modulator, producing 
a very stable, spectrally pure output. 
signafs with frequencies from ap- 
proximately 100 MHz to 10 GHz (3 m 
to 3 cm wavelengths). 
In its current implementation at
JPL, the frequency can be pushed as 
high as 75 GHz (4 mm). The exact "nat- 
ural" frequency of the circuit is deter- 
mined by the hardware, and especially 
the length of the fibre, but can be fine- 
tuned using a line stretcher. 
This optoe lect ron ic  osci l lator 
(OEO) has many advantages. In terms 
of performance, for instance, the OEO 
can produce unusually stable micro- 
wave signals that have low noise that 
is unrelated to the oscil lating fre- 
quency. This stability comes not only 
from the accurate timing provided by 
the fibre (assuming the temperature is 
kept fairly constant and the fibre is not 
moved) but also because passage 
through the fibre is a relatively clean 
process - -  the optical elements do 
not significantly contribute to system 
noise. 
In an optimized system, the main 
source of noise is intrinsic to the pump 
beam used: it is a result of the relative 
intensity noise (RIN) of the laser. For 
this reason, JPL researchers used a 
source with a RIN-reduction circuit, 
thus keeping the signal-to-noise ratio 
as high as possible. This is verymuch 
in contrast to an entirely electronic sys- 
tem which is characterised by high 
noise in the circuit causing frequency 
fluctuations in the output. 
Another advantage is that, if neces- 
sary, the oscillator can be implemented 
without the amplifier and associated 
power supply: the photocurrent from 
the photodetector is enough to drive 
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the circuit on its own. As a result, the 
oscillator can be powered remotely 
and kept electrically isolated from 
other systems it may be working with. 
Researchers have already started to 
demonstrate how OEOs can be used 
in systems. Initial experiments have in- 
jected externally-generated electronic 
clock and carrier signals into the sys- 
tem, in each case successfully. By tun- 
ing the osci l lator to close to the 
expected frequency, the oscillator can 
pick out the repeating, and so self-re- 
inforcing, signal out of the noise sur- 
round ing  it. The  team has also 
worked out configurations in which 
the oscillator could be used for up- 
conversion, down-conversion, phase 
locking, reference regeneration and 
distribution, frequency multiplication 
and square pulse generation [3]. 
Though the potential applications 
are numerous and interesting, even 
more fascinating may be attempts to 
make the OEO smaller. The electro- 
optic modulator used in JPL's experi- 
ments could easily be replaced with 
another, provided it has high enough 
frequency response. What is not ob- 
viously compatible with miniaturiza- 
tion, however, is the fibre delay line. 
Whether or not this is really a pro- 
blem, it is too early to tell. 
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